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Abstract 
Most of fireworks composition contains sulphur as a fuel, during combustion reaction 
with oxidizer it gives sulphur dioxide (SO2) gas. SO2 gas produces environmental 
pollution; due to that, less quantity of sulphur to be used in fireworks composition 
otherwise should be avoided fully. In the atom bomb or crackers formulation the roll 
of sulphur is most important due to it speed up the reaction and at the same time heat 
produced by this composition (KNO3,Ba(NO3)2, Al and Sulphur) is less when 
compared to without sulphur. Even though the sulphur containing formulations are 
desired by the most of fireworks formulators due to speed of reaction. Environmental 
concern in this proposed work the amount of sulphur to be reduced/without sulphur 
for atom bomb/cracker formulations.  
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1.0. Introduction  
The chemistry of fireworks based on fuels and oxidizer. Fireworks composition 
contains potassium nitrates, charcoal, sulfur, aluminum, strontium nitrate and barium 
nitrate, etc. Burning of fireworks releases pollutants, like sulfur dioxide, carbon 
dioxide, carbon monoxide, suspended particles, and several metals like aluminum, 
manganese and cadmium, etc., which are associated with serious health hazards [1-3].  
To reduce the pollution, lesser amount of chemicals in the crackers should be 
used with high reactivity. There are many methods to improve the reactivity of flash 
powders, like changing the composition, addition of new chemicals, and reducing the 
particle sizes.  
The sulphur used firecracker has defects of low melting point, high mechanical 
sensitivity [4-6], unstable performance, easy accident occurrence, and environment 
pollution and harm on human health due to sulphur dioxide gas generated after 
igniting. To reduce the emission of oxides of sulphur in environment lesser amount of 
sulphur is used. 
 
1.1. Requirements for good oxidizer and fuels  
Oxidizers  
Oxidizing agents are usually oxygen rich ionic solids that decompose at moderate –to 
high temperatures, liberating oxygen gas. These materials must be readily available in 
pure form, in the proper particle size, at reasonable cost. The oxidizers must be quite 
low in hygroscopicity; the compound must have an acceptable heat of decomposition. 
Properties of some oxidizers are shown in table 1. Oxidizers using in Atom bomb, 
Maroon, Chinese and Garland crackers are generally KNO3 and Ba(NO3)2 their 
properties are as follows.  
Table.1: The common oxidizers and their properties  
S.No Oxidizer Heat of 
decomposition 
(Kcal/mol) 
Melting 
point 
(°C) 
Grams of 
oxygen 
released per 
gram of 
oxidizer 
Weight of oxidizer 
required to evolve 
one gram of 
oxygen 
1 KNO3 +75.5 334 0.40 2.53 
2 Ba(NO3)2 +104 592 0.31 3.27 
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Potassium Nitrate (KNO3)  
The oldest solid oxidizer used in high-energy mixtures, potassium nitrate remains a 
widely –used ingredient well into the 20th century. Its advantages are ready 
availability at reasonable cost, low hygroscopicity and the relative ease of ignition of 
many mixtures prepared using it.  
3 2 2 2 22 ( ) 2.5        H = +75.5 kcal/mole K NO K O N O      
This is a strongly endothermic reaction, ΔH is +75.5 kcal/mole of KNO3, meaning 
high energy –output fuels must be used with KNO3 to achieve rapid burning rates. 
When mixed with a simple organic fuel such as lactose, potassium nitrate may stop at 
the potassium nitrite (KNO2) stage in its decomposition.  
3 2 2
1
2
KNO K O O   
Potassium nitrate has the additional property of not undergoing an explosion by itself, 
even when very strong initiating modes are used [7].  
Barium Nitrate [Ba(NO3)2] 
Barium nitrate is a white, crystalline, non-hygroscopic material. It is commonly used 
as the principal oxidizer in green flame compositions, gold sparklers, and in 
photoflash mixtures in combination with potassium Perchlorate. At high reaction 
temperatures, barium nitrate decomposes according to 
3 2 2 2( ) 2.5Ba NO BaO N O    
At lower reaction temperatures, barium nitrate produces nitrogen oxides (NO and 
NO2) instead of nitrogen gas. 
Fuels  
In addition to an oxidizer, pyrotechnic mixtures will also contain a good fuel or 
electron donor that reacts with the liberated oxygen to produce an oxidized product 
plus heat. This heat will enable the high-energy chemist to produce any of a variety of 
possible effects like colour, motion, light, smoke, or noise.  
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Table.2: The common fuels and their properties  
S.No Fuels Heat of Combustion 
(Kcal/g) 
Melting point(°C) Grams of fuel consumed 
per gram of Oxygen 
1 Aluminium 7.4 660 1.12 
4 Sulphur 2.2 119 1.00 
 
Aluminum (Al) 
The most widely used metallic fuel is probably aluminum. Aluminum is reasonable in 
cost, lightweight, stable in storage, available in a variety of particle shapes and sizes, 
and can be used to achieve a variety of effects.  Aluminum surfaces are readily 
oxidized by the oxygen in air, and a tight surface coating of aluminum oxide (Al2O3) 
is formed that protects the inner metal from further oxidation. Hence, aluminum 
powder can be stored for extended periods with little loss of reactivity due to air 
oxidation.  
2 2 34 3 2Al O Al O   
Sulfur 
It is a rather poor fuel in terms of heat output, but it frequently plays another very 
important role in pyrotechnic compositions. It can function as a "tinder," or fire 
starter. Sulfur undergoes exothermic reactions at low temperature with a variety of 
oxidizers, and this heat output can be used to trigger other, higher-energy reactions 
with better fuels. Sulfur's low melting point provides a liquid phase, at low 
temperature, to assist the ignition process. The presence of sulfur, even in small 
percentage, can dramatically affect the ignitibility and ignition temperature of high-
energy mixtures. Sulfur, upon combustion, is converted to sulfur dioxide gas and to 
sulfate salts (such as potassium sulfate- K2SO4).  
3 2 3 2 4 2 2 24 12 7 2 6 2 5Al KNO S Al O K SO SO NO N        
2.0. Materials and Methods  
To develop eco-friendly fireworks by reducing the sulphur content in fireworks 
crackers thereby reducing the emission of pollutant like SO2. The crackers 
formulation made using 12%, 10 %, 8%, 6 %, 5 % and 3 % of sulphur on trial basis. 
Twenty five formulations were made with help of F/w to prepare Atom bomb crackers 
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from each formulation. Five no. of samples from each formulation (Atom bomb) were 
tested for noise level and bursting performance. During the bursting time the crackers 
performance were noted.    
Table 3. Physical parameters of crackers and its chemicals.  
  
Atom bomb preparation  
Generally all crackers are manufactured manually. The major items required for the  
Manufacturing process is as follows:  
1. Chemicals (Fireworks Grade) 
a. Aluminium powder-999 or 666 grades.  
b. Potassium Nitrate alone or with Barium Nitrate.  
c. Sulphur.  
2. Paper shells.   
Atom bomb -240 GSM card board paper was used as Square box for 
preparation of Atom bomb.  
3. Thin jute string. 
Three nos. of cotton winding was made for Atom bomb and paste was applied 
along with jute and applied over the surface also. After drying on sunlight it 
will get tightens (the paste was applied for this purpose).  
4. Fuses.  
The size of atom bomb, weight of chemical used and packing bulk density is shows in 
table 3. The chemicals of different ratio were taken in mesh and sieved and mixed 
thoroughly in a non conducting surface. The shells were filled with the chemical 
mixture and cover with help of gum, and then it was sealed and dried in atmospheric 
air. After some time, the gum coated jute string was wrapped around it tightly. It was 
dried in sun light for 2 to 3 hours. Then the fuse wire was inserted.   
Crackers 
Average weight 
of chemicals  
used in 
formulation 
Average Bulk density used in 
formulations 
Volume 
of shell  
(max)  
cm3 
Inner 
length 
(mm) 
Inner Dia 
(mm) 
Bulk density 
Tapped 
Density 
Atom 
Bomb 
2.0 g 0.4203 g/ml 0.7238 g/ml 3.02  21.7 11.8 x11.7 
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Table 4 Chemical analysis report for purity % of fireworks chemicals used in 
raw materials.   
 
All formulations are made at a Fireworks Factory.  
Table 5 show the formulations  
1. The first trial was made with 12 %, 10 % and 8 % of Sulphur and varying the 
oxidizer percentage. Noise level test and performance test were conducted for 
all of crackers like Atom Bomb.  
Table 5. Cracker chemical compositions for different formulations.   
The formulations were made with the help of F/w by varying oxidizer to fuel ratio 
mention below. 
S.No Sample Code KNO3 Ba(NO3)2 S Al (999) Al (666) 
1 Raw Material 96.5 95.3 96.4 83.4 99.3 
S.No Sample code 
Chemical compositions (%) Total % of 
chemicals KNO3 Ba(NO3)2 Sulphur Al-999 Al-666 
1 ES12 51 12 12 12.5 12.5 100 
2 ES10 53 12 10 12.5 12.5 100 
3 ES10A9 70 0 10 20 0 100 
4 ES10A10 70 0 10 0 20 100 
5 ES10A11 62 8 10 20 0 100 
6 ES8 54 12 8 13 13 100 
7 ES8A1 47 10 8 35 0 100 
8 ES8A2 47 10 8 30 5 100 
9 ES8A3 47 10 8 25 10 100 
10 ES8A4 47 10 8 20 15 100 
11 ES8A5 47 10 8 15 20 100 
12 ES8A6 47 10 8 10 25 100 
13 ES8A7 47 10 8 5 30 100 
14 ES8A8 47 10 8 0 35 100 
15 ES8B1 47 10 8 27 8 100 
16 ES8B2 57 0 8 35 0 100 
17 ES8B3 57 0 8 27 8 100 
18 ES8B4 57 0 8 25 10 100 
19 ES8C1 65 0 8 27 0 100 
20 ES8C2 50 15 8 27 0 100 
21 ES6A1 40 29 6 10 15 100 
22 ES6A2 54 12 6 14 14 100 
23 ES5D1 65 0 5 30 0 100 
24 ES5D2 65 0 5 22 8 100 
25 ES3 57 12 3 14 14 100 
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Coding details: E represents as emission, S12, S10, S8, S6, S5 and S3 represents the 
sulphur percentage is 12, 10, 8, 6, 5 and 3 percent respectively. A1, A2, A3, B1, B2, 
C1, C2 and D1, D2 are serial Nos. of formulations.  
2. Then trail II was made with 3% and 6 % of sulphur containing formulations. 
3. Trail III was made for fine tuning of 8 % of sulphur formulation with slight 
change (without Barium Nitrate).  
4. Trail IV was made for increasing the percentage of oxidizer as 65 % with and 
without barium nitrate formulation.  
5. Trail V was made for decreasing the percentage of sulphur from 8 % to 5 % 
and same percentage of oxidizer (as 65 %) without barium nitrate the 
formulation was made.  
Noise level testing 
Noise level test was carried out as per the rules of notification of Petroleum and 
Explosives Safety Organization, Govt. of India. It was measured by four noise level 
Monitors using Model no. 824L (Make: Larson and Davis, USA) and the average 
value of the readings was taken as noise level data. The noise level was measured at 
1.2 m elevation from the ground level of bursting at 4 m distance. The metres were 
placed in four places and angle between each of them is 90°. A hard concrete surface 
of 5 m diameter was the site for the explosion with no obstacle (like tree or any other 
structure) to carry out the noise level test. For repeatability of the results, five samples 
of each composition have been checked. Reproducibility of the results was carried out 
by the results of all experiments and was evaluated with different equipment of same 
specification. The noise level results are shown in tables 7&8. 
 
Sensitivity analysis 
The sensitiveness of the flash powder composition was checked for their impact and 
friction sensitivity. Impact sensitivity of pyrotechnic mixture was tested by the 
Federal Institute for materials research and testing (German standard—Bundesanstalt 
furMaterialprufungen—BAM) method using impact sensitivity tester (Make: Electro 
Ceramic Private Limited, Pune, India). The constant weight of 2 kg is allowed to fall 
on the chemicals from various heights to find the safest impact energy without 
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ignition. The friction sensitiveness was determined using a friction tester by the 
common test methods of BAM [8]. 
Crackers chemical burning rate  
Burning rate has tested for the suitable compositions (Selectively) which is given as 
follows.15g of crackers chemical composition were uniformly spread over cement 
surface (1 meter length 1mm height and 1cm dia) and ignite with help of long fuse. 
Using timer the rate of burning is calculated. Table 6 shows that the burning rate of 
cracker chemical.  
Table.6. Cracker chemical burning rate and fuel oxidizer ratio.  
S.No. Formulation Weight of 
sample (g) 
Burning rate 
(cm/sec.) 
Burning time 
(sec.) 
Fuel / 
Oxidizer  
1 S8A1 15 0.0116  1.16 1.588 
2 S8A3 15 0.0117 1.17 1.588 
3 S8B2 15 0.0170 1.69 1.509 
4 S8C1 15 0.0220 2.22 1.023 
5 S5D1 15 0.0279 2.79 1.010 
 
Sulphur dioxide measurements:   
To check the emission of the Sulphur dioxide (PPM) in the formulated sample along 
with  the regular sample  analysis  have been done  with the help of multi gas analyzer 
meter available at Sivakasi fireworks R&D lab. 
0.2 g of formulated fireworks compositions have been tested for emission of SO2 in a 
closed vessel. This vessel is made up of aluminium with 1 cubic feet volume and the 
sample has fired with help of fuse inserted form outside of vessel, then the emitted gas 
was measured with help of Multi gas analyzer (Make: MRU Germany Model No. 
Optima 7). 
3.0. Results and Discussions 
From these formulations we have made Atom bomb. Five no of samples from 
each crackers were tested for noise level and bursting performance. Table 6 shows the 
noise level and busting performance of atom bombs from 25 formulations. The most 
of formulations were failed in noise level and busting performance.  
Formulations ES8A1, ES8A2 and ES8A3 show better performance due to 
presents of 8 percent sulphur. Five no of samples from each crackers were tested for 
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noise level and bursting performance. Bursting of atom bomb is spread out into 
number of pieces and it burst completely. Good performance in bursting due to the 
composition contains Ba(NO3)2, Sulphur (8 %) and Al-999 and Al-666.  
From the above formulations S8 has been chosen for best formulation based 
on noise level and performance in all crackers like Atom Bomb.  
For repeatability the ES8A1 and ES8A3 were tested their noise level and 
busting performance, but the repeatability was not achieved due to the following 
reasons may play a role in Atom bomb crackers. 
 To reduce the noise level in Atom bomb different size of atom bombs were 
prepared, but almost same noise level was produced with irrespective of size and 
chemical composition.  
The noise level is irrespective of chemical composition (e.g,. Formulation 
S0E11: sulphur 0 %) and size of Atom bombs but it depends upon the compactness of 
the Atom bomb or rigidity or tightness of Atom bomb. 
Commercially we used to tightening the atom bombs covered with dextrin 
paste applied jute with 3 Nos. of winding but it gives more compactness to the atom 
bomb and it produce higher noise level with irrespective of chemical composition and 
size of atom bombs. But 2 Nos. of jute winding also produced more noise level as per 
our noise level report (table not shown).   
In general the explosion of atom bomb chemical reaction is very fast and the 
end product is gaseous product, so it tends to come out of the Atom bomb shell 
vigorously and produce more noise. If the compactness of the shell is less the gaseous 
product come out very easily with less sound.  
Five numbers of samples from each formulation for Atom Bomb crackers were tested 
for noise level and bursting performance test carried out using noise level meter. The 
results are tabulated in table 7. 
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Table 7. Average noise level recorded values for each formulation and 
performance  
S.No. 
Formulation  
code 
Atom Bomb 
Impact 
energy/J 
Friction 
Sensitivity 
/N 
Result AI pK 
125max 
C pK 
145max 
1 ES12 124.4 143.7 6.972 235 Unsatisfactory  
2 ES10 126.0 144.4 6.783 240 Unsatisfactory  
3 ES10A9 125.0 143.8 6.813 260 Unsatisfactory  
4 ES10A10 F F 6.904 262 Unsatisfactory 
5 ES10A11 124.6 143.7 6.543 247 Unsatisfactory 
6 ES8 125.9 144.5 8.045 269 Unsatisfactory 
7 ES8A1 124.4 143.8 8.345 295 Satisfactory  
8 ES8A2 124.7 143.7 8.127 287 Satisfactory  
9 ES8A3 121.6 143.4 8.367 293 Satisfactory 
10 ES8A4 122.5 143.2 8.111 275 Unsatisfactory 
11 ES8A5 118.3 141.6 7.974 270 Unsatisfactory 
12 ES8A6 118.1 140.2 7.893 268 Unsatisfactory 
13 ES8A7 118.0 138.8 7.995 271 Unsatisfactory 
14 ES8A8 108.5 131.5 7.784 266 Unsatisfactory 
15 ES8B1 125.3 143.9 8.110 264 Unsatisfactory 
16 ES8B2 124.3 142.9 8.012 272 Unsatisfactory 
17 ES8B3 124.0 143.5 7.567 259 Unsatisfactory 
18 ES8B4 119.1 141.9 8.010 274 Unsatisfactory 
19 ES8C1 123.0 143.5 7.678 269 Unsatisfactory 
20 ES8C2 117.5 139.2 7.897 270 Unsatisfactory 
21 ES6A1 125.7 144.4 7.921 273 Unsatisfactory 
22 ES6A2 125.3 144.5 7.987 276 Unsatisfactory 
23 ES5D1 112.2 135.5 7.943. 280 Unsatisfactory 
24 ES5D2 120.7 141.7 7.312 281 Unsatisfactory 
25 ES3 122.3 142.8 8.245 290 Unsatisfactory 
 
*Satisfactory      – Proper bursting with permissible noise level limit    
*Unsatisfactory – Improper bursting.  
*Busting Performance:  During the busting; Atom bomb shells should be completely 
burst, there is no more big pieces are available in the bursting area and it shells should 
not catch fire after bursting. 
From the Table 7 that the impact and friction sensitiveness increase with 12, 
10, 6 and 3 percent of sulphur. But in 8% of sulphur few formulation only shows high 
impact and friction sensitivity. This shows that a critical percentage of sulphur in 
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crackers formulation and critical percentage of Al-999 and Al-666. The less energy 
could able to initiate the ignition. According to the UN recommendations for the 
transport of explosives, any material has the friction sensitiveness greater than 184 N 
is deemed to be fit for transport. This result highlight that the all formulations are 
deemed to fit for transport but in performance and noise level these are fails.  
As the impact energy also not a poor value. According to the classification of 
Andreieve–Beliaev indicates that these formulated compositions were less sensitive to 
impact. This confirms that handling of powders will have no hazardous and shall be 
safe. 
The emission of SO2 from crackers results show in table 9. On the basis of 
sulphur Dioxide results it has  found though the emission of sulphur dioxide has been 
reduced by reducing the sulphur content in the composition, however the results of 
SO2 are not reproducible and the proportionate of SO2 with respect to the percentage 
of sulphur content in the composition are not matching also. 
 
Table 8. Average noise level recorded values for each formulation (repetition) 
  
 
 
 
 
 
 
 
                             *R-Repetition  
 
 
 
 
 
 
S.No Code 
Atom Bomb 
Result AI pK 
125max 
C pK 
145max 
1 R1 ES8A1 125.7 143.8 Unatisfactory 
2 R2 ES8A1 124.3 145.9 Unsatisfactory 
3 R3 ES8A1 124.8 145.8 Unsatisfactory 
4 R4 ES8A1 123.9 143.6 Satisfactory 
5 R1 ES8A3 119.6 141.7 Satisfactory 
6 R2 ES8A3 124.6 145.7 Unsatisfactory 
7 R3 ES8A3 125.6 143.7 Unsatisfactory 
8 R4 ES8A3 125.5 144.7 Unsatisfactory 
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Table 9 Emission of so2 from fireworks composition in commercial and 
formulation samples 
S.No. samples 
Sulphur 
% 
SO2 ppm 
(Weight of 
sample: 
0.2 g) 
S.No. samples 
Sulphur 
% 
SO2 ppm 
(Weight of 
sample: 
0.2 g) 
 
 
1 
A 
(Commercial) 
23 
1150 
 
5 
S8A3 8 
13 
776 65 
1079 33 
1282 17 
1464 17 
2 
V 
(Commercial) 
22 
1893 
6 S8B2 8 
39 
1954 54 
1361 40 
1695 24 
1769 90 
3 
S8A1 
 
8 
68 
7 S8C1 8 
66 
56 49 
59 69 
54 20 
129 36 
4 S8A2 8 
84 
8 S5D1 5 
126 
101 118 
98 150 
78 101 
98 194 
 
3.1. Various effects on atom bombs 
Many trials were conducted on atom bomb with 25 nos. of formulations by varying 
sulphur, Aluminium percentage (either Al-999 or Al-666 or both), Oxidizer 
percentage [KNO3 and Ba(NO3)2] and physical parameters like jute windings, Fuse 
sealed with dextrin, Ash, shell size and chemical weight. During busting the 
performance, emission of sulphur dioxide and noise level were noted with varying the 
above parameters.  
Chemicals 
Oxidizers  
The amount of oxidizer in Atom bomb chemical 67 % were used by FRDC (F/O = 1). 
The fuel-oxidizer ratio will affect the busting performance of the crackers, the 
decomposition of KNO3 and Ba(NO3)2 are endothermic reaction, the 0.74 Kcal/g and 
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0.4 kcal/g of energy (fuel) will be required for decomposition of KNO3 and Ba(NO3)2 
respectively. Some amount of fuel will be consumed by the oxidizers for 
decomposition reaction of oxidizer instead of busting or explosion, the use of more 
oxidizer will cause slower the speed of bursting reaction. The fuel –oxidizer ratio is 
must be one or nearly one. Then only the explosive reaction will complete (without 
any unburned materials). If the fuel - oxidizer ratio is less than one or more than one, 
the unreacted materials will be available more. Due to the complete reaction of FRDC 
formulation (F/O = 1) the noise level may more.  
Fuels 
In atom bomb formulations Aluminium and Sulphur used as a fuel. The most widely 
used metallic fuel is probably aluminum. Aluminum has a melting point of 660°C. Its 
heat of combustion is 7.4 kcal/g.  A special "pyro" grade of aluminum (999-dark gray 
powder) consisting of small particle sizes and high surface area and it is extremely 
reactive. It is used to produce explosive mixtures for fireworks. Their explosive power 
of Al-999 is more than Al-666.  
In R&D formulation 8 % of sulphur was used. If sulphur is more that chemical 
composition become more sensitive with friction, impact and fire and also it’s 
lowering the ignition temperature (unsafe to handling), then the emission of SO2 also 
more.   
Physical:- 
Jute:  
More number of jute winding gives high degree of rigidness to the Atom bomb. 
Sample result with higher noise level than less number of jute winding made atom 
bombs.  
Shell Volume and Chemical Weight:-  
The shell volume and amount of chemical filling is deciding the compactness of the 
atom bomb and noise level. Crackers chemical was loosely filled with less 
compactness, due to this reason all sample has produced noise level with in the noise 
level limit.  
Fuse Sealed with Dextrin paste:- 
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In Atom bomb flower pot like performance was observed instead of bursting 
performance; this is caused during the insertion of fuse into the atom bomb (Manual 
error) and it may be avoided to the tipping chemical used to cover with the adjacent 
side of fuse hole and foil paper also protect the flowerpot effect.  
3.2. Problems associated with manufacturing of fireworks by manual 
preparation 
Manufacturing of fireworks in Sivakasi by manual operation only. The 
preparation of same kind of fireworks item will differ person to person due to the 
ability of individual.  
The fireworks chemicals are weighed in mechanical balance only due to safety 
concern they are not allowed to use electronic balance (avoid any static electricity) 
and the weight of chemical ingredients are may not be accurate.  
During the mixing of chemicals, they have to mix the ingredients thoroughly and if 
any lumps particles found it should be crushed into small particle, mix the mixture 
and sieve three to four times on respective size of mesh.  
Atom bomb   
After mixing of chemical, the ingredients are filled approximately in shells by 
manual; the amount of filling will vary person to person. During the filling the 
chemical has to filled more compact if it loosely filled, the effect of bursting will 
differ. This kind of operation will vary even a same person filling, because he fills 
more numbers of shells and get tired or working with more work load.  
After chemical filling they have put one craft paper by applying paste then drying in 
sun light after that they introduce jute winding. This jute winding may not be same for 
all, because the tightening process is person to person varying. The same person may 
not be winding with same tightening because he will tired with more numbers of 
samples or carelessness. Due to all; the same composition will burst with different 
noise level. If the tightening or compactness is more, surely the atom bomb will burst 
with higher noise level.  
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The insertion of fuse into the atom bomb is important criteria because the hole making 
process on the shell is critical, the making of hole size should be is same dia of fuse. If 
it is more than the dia of fuse the atom bomb shall not give bursting effect instead of it 
gives as flower pot effect. The inserting needle should be in brass otherwise friction 
will takes place and prone to accident.  The brass rod should enter or insert up to the 
center of shell. If the rod touches the other end the bursting will not occur because of 
weak portion will open and flower pot effect will takes place.   
The drying process is important otherwise the moisture penetrate into the chemical 
composition and aluminium will react and produce alkali then heat will form and 
prone to explosion.  
During mixing the persons do not pull the rubber sheets, if he pulls the sheet; some of 
materials lying on rubber sheet or on the floor then friction will cause fire and it will 
leads to accidents.   
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Safe operation:  
 Do not carry out mixing process at high temperature/high humidity.  
 Sieving mesh made up of Brass.  
 Fuse hole making needle should be in Brass metal or SS.  
Do not pull or rubbing of rubber sheets available in mixing room. 
4.0. Conclusions  
 The 8 % of sulphur containing formulations; emits the reduced level of SO2 as 
we expected.  
 The use of 8 % sulphur containing formulation produced noise level within the 
limit when the amount of crackers chemical was filled in half of its shell 
volume. 
 Before filling of fireworks chemicals, the fuse to be inserted into the Atom 
bomb shells and the fuse was rigidly fixed with help of dextrin paste in order 
to avoid the flowerpot effect. After drying of fuse the fireworks chemicals to 
be filled manually without tapping of chemicals.  
 The proposed formulations (S8) are highly impact and friction sensitive.  
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